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Abstract 

Previous studies have shown that fish protein, as well as marine n-?) PUFA, may have beneficial effects on cardiovascular risk profile. The objectives of this 
study were to investigate the combined effects of fish gelatine (FG) and /7-3 PUFA supplementation on (1) energy intake and body weight, (2) lipid profile 
and (3) inflammatory^ and CVD markers in free-Hving insukn-resistant males and females. Subjects were asked to consume, in a crossover study design with 
two experimental periods of 8 weeks each, an h-3 PUFA supplement and //-3 PUFA supplement plus FG (k-3 PUFA + FG). »-3 PUFA + FG led to an 
increase in protein intake and a decrease in carbohydrate intake compared with /7-3 PUFA (P < 0-02) in males and females. Sex— treatment interactions were 
observed for TAG (P = 0-03) and highly sensitive C-reactive protein (hsCRP) (P= 0-001) levels. In females, »-3 PUFA reduced plasma TAG by 8 % and 
»-3 PUFA + FG by 23 '/o, whereas in males, »-3 PUFA reduced plasma TAG by 25 % and k-3 PUFA + FG by 11 '/o. h-3 PUFA increased serum 
hsCRP by 13 % and »-3 PUFA + FG strongly reduced hsCRP by 40 % in males, whereas in females, h-3 PUFA reduced serum hsCRP by 6 % and 
//-3 PUFA -t- FG increased hsCRP by 20 Vo. In conclusion, supplementation with FG may enhance the lipid-lowering effect of marine h-3 PUFA in females 
and beneficially counteract the effect of h-3 PUFA on serum hsCRP in males. Further studies are needed to identify the sex-dependent mechanisms 
responsible for the divergent effects of FG on TAG and hsCRP levels in females and males, respectively. 
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Over the last few decades, dysHpidaemia and chronic low- 
grade inflammation associated with obesit}' have been 
described as key features of obesity-related insulin resistance, 
CVD and t^-pe 2 diabetes'-'^ 



Marine /?-3 PUFA, EPA and DHA have been shown to 
contribute to cardiovascular protection by their ability to 
induce independent and beneficial effects on lipid profile by 
reducing plasma TAG and by increasing plasma 



Abbreviations: FG, fish gelatine; hsCRP, highly sensitive C-reactive protein. 
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HDL-cholesterol . Furthermore, it has been proposed that 
dietary «-3 PUFA can reduce low-grade inflammatorjr state by 
modulating the eicosanoid system and the transcription factors 
NF-kB and PPAR^^l Indeed, increasing evidence shows that 
the ingestion of EPA and DHA in human subjects may reduce 
the secretion of pro-inflammatory cytokines, e.g. IL-6, TNF-a, 
and monocyte chemoattractant protein-1, by adipoc}tes and 
macrophages'''^^. However, other intervention trials have not 
confirmed these effects''^''''' and these studies using «-3 fatty 
acid supplementation have failed to show any effect on the 
levels of systemic pro-inflammatory cytokine C-reactive 
protein'-^'''' even though the fish oil supplement was given at 
a high dose'*^'. 

CVD risk factors and type 2 diabetes have also been shown 
to be strongly influenced by energjr intake and weight loss. 
Thus, the optimal macronutrient composition of a diet that 
facilitates lasting and safe weight loss and that improves mar- 
kers of CVD risk factors remains an area of great contro- 
versy^''. Interestingly, increasing the amount of protein may 
positively influence the regulation of food intake by improving 
satiety and modulating energy balance'*''''''. Besides, there has 
also been interest in the effect of various tj^pes of proteins 
on the modulation of CVD risk factors. 

Fish protein has indeed been shown to induce beneficial 
effects on insulin sensitivity'^ '^'^''', blood Upids'^^^^^^ and sys- 
temic inflammation'^''''^''. In comparison with other animal 
proteins, fish protein has been shown to modulate lipid profile 
by decreasing VLDL TAG in pre- and post-menopausal 
females'^^'^^^'' and increasing HDL2-cholesterol in normocho- 
lesterolaemic'**'' and hypercholesterolaemic males'''^'. In 
addition, we'^'''' and others'*^'' recentiy observed that highly 
sensitive C-reactive protein (hsCRP) is reduced following a 
lean fish diet. The effects of fish protein on CVD risk factors 
have been proposed to be due, at least in part, to its unique 
amino acid profile rich in glycine, taurine and arginine. On 
the other hand, one of our previous studies''*^' showed that 
fish protein and menhaden oU exerted additive and indepen- 
dent effects on plasma TAG metabolism in the rat. In that 
study the combination of cod protein and menhaden oil low- 
ered plasma TAG by 50 %. In recent years, there has been 
growing interest in studying the properties of fish gelatine 
(FG)''^\ composed of peptides and amino acids resulting 
from collagen hydrolysis. Indeed, there is increasing evidence 
for the use of coUagen hydrolysate supplementation for 
patients with inflammatorjr disease'^"', and it has been 
shown that ingestion of collagen may have hypolipidaemic 
effects in animals '^^'^^^ However, there is Utde information 
about the effects of FG supplementation on lipid profile 
and inflammator}' and CVD markers in human subjects. 

Based on evidence indicating that marine »-3 PUFA and 
fish protein could independentiy reduce CVD markers, this 
study was designed to compare the combined effects of a 
FG and «-3 PUFA supplement with those of an n-3 PUFA 
supplement on (I) enetgy intake and body weight, (2) lipid 
profile and (3) inflammatory and CVD markers in free-living 
insuUn-resistant subjects. We hypothesised that the FG sup- 
plement would reduce energy intake and body weight and 
improve the effects of marine »-3 PUFA on blood lipids. 



cytokines and CVD indicators in insuUn-resistant males and 
females. As there is considerable evidence that sex hormones 
may modulate food intake, body weight'^^^'' and lipid and 
inflammatory metaboUsm'^*-', we further explored possible 
sex differences in the effect of FG on those parameters. 

Experimental methods 

Subjects 

A total of twent)r-one subjects, ten males and eleven females, 
aged 35—70 years, were recruited in the Quebec Cit)' area by 
media advertising. AU subjects completed a medical evaluation, 
including routine laboratory testing and a 75 g oral glucose tol- 
erance test. Individuals were eligible if they were overweight or 
obese (BMI > 25 kg/ m") and were insuUn-resistant with high 
fasting plasma insuUn'^'^' corresponding to the percentile 
above the 75th for fasting insulin levels in a sample from 
the adult Quebec population'"*-', and/or had impaired fasting 
plasma glucose (5-6— 6-9 mivi), and/or had impaired glucose 
tolerance following 2 h post 75 g oral glucose tolerance test 
with plasma glucose corresponding to 7-8— 11-0 mM'^^l 
Exclusion criteria included weight change + 10 % within the 
6 months that preceded the study, major surgery' in the 3 
months prior to study onset, diabetes, familial or primary' 
hyperlipidaemia, hepatic or metaboUc diseases, smoking, 
chronic hjjpertension (> 160/1 00 mmHg), incompatibility 
with fish consumption (allergy, intolerance or dislike), and 
medications known to affect the lipid and glucose metabolism. 

This study was conducted according to the guidelines laid 
down in the Declaration of Helsinki and aU procedures invol- 
ving human subjects were approved by the Clinical Research 
Ethical Committee of Laval Universit}' Hospital Center. 
After the experimental protocol was explained with precau- 
tion, written informed consent was obtained from all subjects. 

Experimental design 

A crossover design with two experimental periods of 8 weeks 
was used. After a 4-week run-in period, either an n-3 PUFA 
supplement alone or an «-3 PUFA supplement plus FG incor- 
porated into a broth («-3 PUFA -I- FG) was administered ran- 
domly to the subjects. At the end of the first experimental 
period, participants returned to their usual diet for a washout 
period of 12 weeks, including a second 4-week run-in period. 
Then, the participants crossed over to the other experimental 
diet for an additional 8 weeks. During the 4-week run-in 
periods, the participants were asked not to consume products 
that contained marine n-3 PUFA, to maintain their regular 
food habits and their physical activity level and to refrain 
from alcohol consumption (not more than one drink per d 
for females and two drinks per d for males). 

Diets 

The n-3 PUFA supplement provided during the n-3 PUFA 
and the n-3 PUFA -I- FG supplements corresponded to 1-8 g 
of EPA and DHA per d in a 2:1 ratio (capsules provided by 



Ocean Nutrition Canada). The FG supplement provided 
during the «-3 PUFA + FG treatment corresponded to 
approximately 25 % of the participant's daily protein con- 
sumption and was incorporated into a chicken broth. 
A high-molecular-weight food/pharmaceutical-grade FG 
(Norland Products) produced from the hydrolysis of collagen 
was used to prepare the FG broth. It was produced from lean 
fish skins, mainly from cod, pollock and haddock. Amino acid 
analyses of the FG were performed at Quebec's Aquaculture 
and Fisheries Innovation Centre, Quebec, using a technique 
previously described by BeauUeu et alP^K Briefly, a pre-column 
derivatisation technique, the AccQ-Tag amino acid analysis 
procedure (Waters), was used for the measurement of amino 
acids resistant to acidic hydrolysis. The amino acids were sep- 
arated by reversed-phase HPLC and quantified using fluor- 
escence detection. The amino acid composition of FG is 
shown in Table 1. 

The FG broth was prepared at the metabolic kitchen of the 
Institute of Nutraceuticals and Functional Foods of Laval 
University and was provided daily to the subjects. The FG 
broth was consumed in different recipes at home by the partici- 
pants. Compliance was assessed firom the return of capsules and 
containers and uneaten FG broth to determine the quantity 
consumed, from 24 h recalls every 2 weeks and from a FFQ 
administrated by a dietitian, at the beginning and at the end 
of each experimental period. The energy? and nutrient intake 
information derived from compilation of the FFQ was analysed 
using nutrient composition values from the Nutrition Data 
System for Research software version 4.03 (Universit}? of 
Minnesota, Minneapolis, MN, Food and Nutrient Database, 
2000). Moreover, participants were asked to fill in a 3-d diary 
(two weekdays and one weekend day) during each experimental 
period. AH participants consumed more than 80 % of the FG 
broth and more than 85 % of the «-3 PUFA supplements. 



Table 1. Amino acid composition of fish gelatine (FG)*t 



Amino acids 


FG (g/1 00 g of amino acids)^ 


Aspartic acid 


6-40 


Serine 


606 


Glutamic acid 


100 


Glycine 


21-5 


Histidine 


209 


Taurine 


0-40 


Arginine 


7-50 


Threonine 


2-66 


Alanine 


8-57 


Proline 


9-90 


Cysteine 


0-67 


Tyrosine 


0-71 


Valine 


1-68 


Methionine 


1-93 


Lysine 


3-91 


Isoleucine 


101 


Leucine 


2-20 


Phenylalanine 


1-84 



* Provided by Norland Products Inc. (Kenney and Ross Limited). 

f Amino acid measurements were carried out at Quebec's Aquaculture and Fistieries 

Innovation Centre, Quebec, using the technique previously described by Beaulieu 

efa;.<"">. 

X Values are the means of two determinations. 



The compliance for FG and «-3 PUFA supplements was 
more than 95 % for fourteen subjects. 

Clinical and laboratory measurements 

Anthropometric measurements 

Height was measured with a stadiometer at the beginning of 
the study. Before and after each treatment, waist circumference 
and hip circumference were measured in duplicate. Waist cir- 
cumference was measured at the level midway between the 
lowest rib margin and the Uiac crest, and hip circumference 
was measured at the broadest circumference below the waist. 
Weight was recorded at the beginning and at the end of the 
two experimental periods, and at mid-period during each 
experimental period using a digital scale while subjects were 
barefoot. BMI was calculated as weight (in kg) divided by 
height (in metres) squared. 

Blood collection 

Blood samples were drawn after a 12 h overnight fast from an 
antecubital vein, before and after each experimental treatment. 
Blood samples were centrifuged immediately at 3000 g for 10 
min at 4°C to separate plasma and serum, which were stored at 
— 80°C until further measurements of inflammatory marker 
and lipid concentrations. 

Inflammatory and cardiovascular marker concentrations 

Inflammatory and cardiovascular marker concentrations were 
measured in serum, at the Laval University Hospital Center, 
Quebec, using commercially available methods as follows: the 
immunoassay Luminex xMAP Multiplexing (MiOipore) was 
used to measure IL-6, monocjrte chemotactic protein-1, 
TNF-a, adiponectin and myeloperoxidase. IL-ip (Invitrogen) 
and IL-1 receptor antagonist (Invitrogen) were measured 
using an ultrasensitive ELISA kit. IL-10 (Invitrogen), serum 
amyloid A (Invitrogen) and asymmetric dimethylarginine 
(ALPCO) were measured using an ELISA kit. 

Other biomarker concentrations were measured at the 
Atherosclerosis Specialty Laboratory at St Paul's Hospital, 
Vancouver, using commercially available methods as follows: 
leptin (R&D Systems) was measured using an ELISA kit in 
serum. Plasminogen activator inhibitor- 1 (R&D Systems) 
and resistin (R&D Systems) were measured using ELISA 
kits in plasma. hsCRP was measured in serum using the 
CardioPhase hsCRP immunonephelometry technique 
(Siemens Healthcare Diagnostics Products). Homocysteine 
was measured in plasma using an ADVIA Centor HCY 
assay (Bayer Healthcare LLC), based on a competitive immu- 
noassay and direct chemiluminescent technique. 

Plasma lipid and lipoprotein concentrations 

Plasma VLDL (<I-006g/ml) were removed from plasma 
using a ultracentrifugation technique as previously reported 
by Moorjani et alP'^K LDL was precipitated with heparin and 
MnCl2 and HDL particles were isolated from the bottom frac- 
tion (>I -006 g/ml)*-'^"' Cholesterol and TAG concentrations 



were determined enzymatically by using a Technicon RA-500 
analyzer (Bayer). 

Statistical analyses 

The a posteriori power of tiie study was calculated using the col- 
lected data from this study. On the basis of those data, the pre- 
sent study had a power of 0-73 to detect a 20 % decrease in 
our main outcome plasma TAG (at a two-sided a-level of 
0-05) in our fifteen subjects. Statistical analysis was performed 
using SAS, version 9.0 (SAS Institute, Inc.). Differences in 
baseline characteristics between males and females were 
assessed by the Student's / test. The PROC MIXED pro- 
cedure for an ANOVA for crossover design with two periods 
was used to compare the effects of the two treatments. A stat- 
istically significant level of P<0-05 was applied for all tests 
and the results presented are means with their standard errors. 
The influence of body weight, BMI, sex, and waist and hip cir- 
cumferences on the changes in various metabolic parameters 
measured in this study was tested by individual entry of 
terms and interaction terms into the ANOVA model. No 
residual effects of the first experimental period over the 
second period were observed for all inflammatory, cardiovas- 
cular and lipid markers. Variable serum amyloid A was not 
normally distributed, so a non-parametric test using a rank 
transformation was used^^'l 



Results 

Suh]ects 

A total of twenty-one insuUn-resistant subjects completed the 
study. Of these, five subjects were excluded from the analysis 
because they became diabetic during the study, according to 
the American Diabetes Association criteria and, in addition, 
one female was pre-menopausal and was excluded from the 
analysis. The characteristics at baseline for the fifteen insulin- 
resistant subjects (seven male and eight female) are reported in 
Table 2. No significant differences were observed between 
males and females in all mean initial characteristics excepted 

Table 2. Subject characteristics at baseline 
(Mean values with their standard errors) 



for HDL-cholesterol (P = 0-01). AH subjects were overweight 
or obese (BMI 26—39 kg/m^), fourteen subjects (eight female 
and six male) had abdominal adiposity (waist circumference 
>94 cm for males and >80 cm for females) '■'^^^ and twelve sub- 
jects (75 %) met the National Heart, Lung, and Blood 
Institute/ American Heart Association criteria for the meta- 
bolic syndrome'"^'^''. According to the criteria for CVD risk 
of the Centers for Disease Control and Prevention and the 
American Heart Association'-'^'^^ five subjects (four male, one 
female) had baseline hsCRP concentrations <l-Omg/l (low 
risk), six (three male, three female) had concentrations between 
1 and 3 mg/1 (moderate risk) and four females had concen- 
trations >3-0 mg/1 (high risk). Moreover, seven subjects 
(three male, four female) had optimal fasting TAG concen- 
trations (<143 mM), four subjects (two male, two female) 
had desirable TAG concentrations (between 1-13 and 1-69 
mM) and four subjects (two male, two female) had normal 
concentrations (between 1-7 and 2-26 mM)^^^'. Baseline 
LDL-cholesterol concentrations were optimal (<2-6 mivi) for 
one subject (one male), near or above optimal (2-6— 3-3 mM) 
for five (four male, one female), borderline high (3-4— 4-1 
mM) for four females, high (4-15— 4-9 mM) for three (one 
male, two female) and very high (>4-9 mM) for two (one 
male, one female) 

Our subjects were all insuUn-resistant. However, among them, 
ten subjects had hyperinsuHnaemia (fasting plasma insulin 
>90 pmol/l)'"''\ According to the American Diabetic 
Association for the Diagnosis and Classification of Diabetes 
Mellitus'-^^^ two subjects (one male and one female) had normal 
glucose tolerance, eight (four male and four female) had impaired 
fasting glucose (5-6— 6-9 mM) and five (two male and three female) 
had both impaired fasting glucose and impaired glucose tolerance 
(7-8— II -0 mM: 2 h post 75 g oral glucose tolerance test). 



Anthropometric measures 

Changes in body weight (0-23 (sem 0-39) kg) for n-3 PUFA 
and -0-02 (sem 0-32) kg) for n-3 PUFA-FFG), BMI (0-07 
(sem 0-14) kg/m^ for n-3 PUFA and 0-01 (sem O-II) kg/m^ 



All (n 15) 



Male (n 7) 



Female (n 8) 





Mean 


SEM 


Mean 


SEM 


Mean 


SEM 


Age (years) 


57-6 


2-3 


54-1 


2-9 


61 0 


3-2 


Body weight (kg) 


80-8 


2-6 


83-9 


40 


78-1 


3-2 


BMI (kg/m^) 


29-7 


0-9 


28-4 


10 


30-9 


1-5 


Waist circumference (cm) 


99-6 


1-9 


99-3 


3-4 


99-9 


2-3 


Hip circumference (cm) 


108 


2 


104 


3 


112 


3 


Cholesterol (mivi) 














Total 


5-60 


0-31 


5-26 


1-44 


5-89 


0-34 


LDL 


3-74 


0-26 


3-52 


1-28 


3-93 


0-27 


HDL 


1-26 


005 


1.14 


0-18 


1-37 


004* 


Total TAG (mM) 


1-29 


on 


129 


0-46 


1-29 


0-16 


Total cholesteroliHDL-cholesterol ratio 


4-52 


0-34 


4-75 


1-85 


4-31 


0-24 


Fasting plasma glucose (mivi) 


607 


on 


5-98 


0-12 


6-14 


0-18 


2 h plasma glucose (mivi) 


7-65 


0-45 


807 


0-88 


7-29 


0-37 


Fasting plasma insulin (pmol/l) 


87-9 


17-8 


1070 


330 


69-1 


12-9 



* Difference between males and females, P=0 01. 



for «-3 PUFA + FG), waist circumference (0-03 (sem 0-22) cm 
for «-3 PUFA and 047 (sem 0-36) cm for «-3 PUFA + FG) 
and hip circumference (—0-07 (sem 0-4) cm for «-3 PUFA 
and -0-03 (sem 0-21) cm for «-3 PUFA + FG) did not differ 
significandy between the periods. 

Macronutrient intake 

As shown in Table 3, «-3 PUFA + FG led to an increase in 
protein intake in males (21 "/o; P=0-02) and females (12%; 
P = 0-03) and a decrease in carbohydrate intake in males 
(-14%; P=0-01) and females (-13%; P=0-05) compared 
with the «-3 PUFA supplement. However, lipid and energy 
intakes did not differ during the experimentation, and no 
differences between the treatments were observed for these 
variables. 



Plasma lipid concentrations, and inflammatory and CVD 
markers 

The plasma lipid concentrations as well as the inflammatory 
and CVD markers of the subjects are presented in Table 4. 
When all subjects were taken together, there were no differ- 
ences in the observed changes for all lipid and lipoprotein 
markers between the «-3 PUFA and fi-3 PUFA + FG sup- 
plements. Because a sex— treatment interaction was observed 
on plasma TAG concentrations (P=0-03), we further ana- 
lysed those lipid data in males and females. In males 
(Fig. 1(a)), 25 and 11 % decreases were observed in TAG con- 
centrations following n-3 PUFA (1-63 (sem 0-24)-1-22 (sem 
0-18) mM) and n-3 PUFA + FG (1-51 (sem 0-29)-1-34 (sem 
0-29) mM), respectively. However, no difference was observed 
between changes induced by the two treatments (P= 0-14). In 
females (Fig. 1(b)), an 8 % reduction in TAG was observed 
after «-3 PUFA (1-36 (sem 0-ll)-l-25 (sem 0-lI)mM), 
whereas a 23 % reduction was observed after «-3 PUFA + 
FG (1-49 (SEM 0-13)-M5 (sem 0-12) mM), inducing a differ- 
ence in the changes of TAG between the n-3 PUFA and n-3 
PUFA + FG supplements (P = 0-04). 

Changes in concentrations of inflammator}' and CVD mar- 
kers were not different between the two treatments (Table 4). 
However, a sex— treatment interaction was also observed for 
serum hsCRP concentrations (P = 0-001). In males, n-3 
PUFA + FG reduced serum hsCRP by 40% (1-23 (sem 
0-25)-0-74 (sem 0-18) mg/1) whereas «-3 PUFA increased 
hsCRP by 13% (0-89 (sem 0-16)-1-01 (sem 0-20) mg/1) 
(Fig. 2(a)), provoking a difference in hsCRP changes between 
n-3 PUFA and n-3 PUFA + FG (P=0-03). In females, n-3 
PUFA + FG increased serum hsCRP by 20% (2-43 (sem 
0-63)-2-91 (sem 0-97) mg/1) whereas the n-3 PUFA sup- 
plement induced a 6 % reduction only (2-53 (sem 0-57)-2-39 
(sem 0-84) mg/1) (Fig. 2(b)). There was thus no difference 
between hsCRP changes induced by the two treatments in 
females (P=0-69). In the present study, there was a sex- 
treatment interaction on monocyte chemotactic protein- 1 (P 
= 0-04) but because it was attributed to two hj'per-responders 
to the n-3 PUFA supplement, it does not seem to be of bio- 
logical relevance in this study. 
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Table 4. Concentrations of blood lipids, inflammatory and CVD markers before (pre) and after (post) consuming n-3 PUFA and n-3 PUFA + fish gelatine 
(FG) for 8 weeks in insulin-resistant males and females* 
(Mean values with their standard errors) 



n-3 PUFA (n 15) n-3 PUFA + FG (n 15) 



Pre Post A Pre Post A 





Mean 


SEM 


Mean 


SEM 


Mean 


SEM 


Mean 


SEM 


Mean 


SEM 


Mean 


SEM 




food lipids (mwi) 




























Total cholesterol 


5-78 


0-34 


5-55 


0-28 


-0-23 


0-12 


5-45 


0-28 


5-41 


0-30 


-0-04 


0-10 


0-22 


TAG 


1-49 


0-13 


1-23 


0-10 


-0-26 


0-10 


1-50 


0-15 


1-24 


0-13 


-0-26 


0-10 


0-98 


HDL-cholesterol 


107 


0-04 


1-12 


0-05 


0-05 


0-03 


1-03 


0-05 


1-13 


0-06 


0-09 


0-03 


0-18 


LDL-cholesterol 


403 


0-30 


3-87 


0-26 


-0-16 


0-08 


3-73 


0-23 


3-72 


0-26 


-0-02 


0-09 


0-22 


Total cholesterohHDL- 


5-54 


0-47 


5-12 


0-40 


-0-42 


0-13 


5-46 


0-44 


5-00 


0-45 


-0-46 


0-10 


0-79 


cholesterol ratio 




























iflammatory and CVD markers 




























MCP-1 (pg/ml)* 


672 


42 


685 


46 


13 


53 


597 


58 


651 


42 


54 


36 


0-17 


TNF-a (pg/ml)* 


6-83 


1-41 


5-88 


0-71 


-0-96 


0-88 


4-92 


0-50 


5-34 


0-49 


0-42 


0-45 


0-23 


hsCRP (mg/l)* 


1-64 


0-36 


1-65 


0-43 


0-00 


0-21 


1-78 


0-35 


1-74 


0-54 


-0-04 


0-31 


0-81 


IL-Ira (pg/ml) 


116 


8 


115 


11 


-1 


8 


120 


9 


114 


7 


-6 


6 


0-65 


IL-6 (pg/ml) 


123-6 


39-7 


86-8 


28-7 


-36-8 


39-0 


105-9 


30-8 


63-0 


25-5 


-42-9 


31-1 


0-99 


PAI-1 (ng/ml) 


2-49 


0-45 


3-69 


0-74 


1-20 


0-65 


1-96 


0-47 


3-41 


0-54 


1-45 


0-37 


0-76 


Adiponectin (fig/ml) 


14-1 


1-3 


14-7 


1-6 


0-56 


0-73 


14-3 


1-4 


14-2 


1-57 


-0-06 


0-51 


0-42 


Homocysteine (nmol/l) 


10-24 


0-45 


9-69 


0-46 


-0-55 


0-39 


9-57 


0-58 


9-93 


0-43 


0-36 


0-46 


0-12 


Leptin (ng/ml) 


16-2 


2-7 


14-8 


2-5 


-1-4 


1-0 


17-7 


3-7 


15-9 


2-7 


-1-8 


2-0 


0-79 


Cystatin C (mg/l) 


0-76 


0-03 


0-73 


0-03 


-0-03 


0-01 


0-73 


0-03 


0-71 


0-03 


-0-02 


0-02 


0-62 


Resistin (ng/ml) 


25-5 


2-5 


37-2 


4-6 


11-8 


3-0 


26-5 


2-6 


33-7 


4-10 


7-2 


3-5 


0-32 


Serum amyloid A (i^g/ml) 


84-6 


37-3 


50-3 


6-5 


-34-3 


37-1 


113-9 


60-7 


65-3 


11-0 


-48-6 


62-0 


0-35 


Myeloperoxidase (pg/ml) 


40-8 


11-6 


79-1 


29-4 


38-3 


19 4 


43-0 


9-0 


65-5 


15-9 


22-5 


15-9 


0-42 


ADMA* (ng/l) 


86-5 


2-6 


112-2 


14-8 


25-7 


14-4 


82-9 


4-4 


98-9 


10-8 


15-9 


11-6 


0-47 



MCP-1 , monocyte chemotactic protein-1 ; hsCRP, highly sensitive C-reactive protein; IL-1 ra, IL-1 receptor antagonist; PAI-1 , plasminogen activator inhibitor 1 ; ADMA, asymmetric 
dimethylarginine. 

* n 14 for ADMA, MCP-1 and TNF-a, n 1 3 for hsCRP. 

t P values refer to comparisons between changes induced by the n-3 PUFA and n-3 PUFA + FG treatments (ANOVA for crossover design with two periods). 



Discussion 

The present free-living study investigated the effects of 8-week 
interventions with n-3 PUFA and FG on lipid profile and 
inflammator}' and CVD markers in males and females with 
insulin resistance, a population with a known risk for CVD. 
The marine «-3 PUFA supplement was used as the control. 
The main findings of the study are that FG may enhance the 
Upid-lowering effect of fish n-3 PUFA in females and counter- 
act the effect of n-3 PUFA on plasma hsCRP in males. The 
concept that n-3 PUFA and fish protein could induce com- 
bined reducing effects on TAG levels has emerged from an 
animal study''^'', but few studies have examined these effects 
on blood lipid profile in human subjects. Because it has 
been shown that plasma TAG is one of the strongest predic- 
tors for the risk of atherosclerosis and cardiovascular events in 
subjects with and without CVD, this marker was chosen as the 
primary endpoint in the present study. Note that our study had 
a posteriori power of 70—80 % to detect a 20 % decrease in 
plasma TAG concentrations. This percentage decrease was 
considered relevant because optimisation of nutrition-related 
practices recommended by the American Heart Association 
can result in a marked TAG-lowering effect that ranges 
between 20 and 50 °AP^\ 

Fish oU consumption has well-documented and potent 
TAG-lowering effects^^'. A comparable dose of n-3 PUFA to 
the one used in the present study (1 ■ 8 g/ d) has been shown 
to reduce plasma fasting TAG by approximately 20 % (28-d 
intervention) In the present study, an average 17 % decrease 



in plasma TAG was observed in response to the n-3 PUFA 
treatment in our fifteen subjects. In males, the n-3 PUFA sup- 
plementation decreased TAG concentrations by 25 %, whereas 
in females, it decreased TAG by only 8 %. These results are in 
good agreement with those of the FINGEN Study''^^', showing 
a sex— treatment interaction in 312 adults aged 20—70 years con- 
suming a moderate EPA/DHA (1-8 g EPA-DHA/d) in a 
double-blind placebo-controUed crossover study for an 
8-week intervention period. As in the present study, the 
FINGEN Study indicated a greater TAG-lowering action of 
n-3 PUFA in males than in females. 

It is well accepted that dietary protein intake contributes 
more strongly than carbohydrate or fat intake to short-term 
satiety which, in turn, can have reducing effects on energy 
intake, body weight and plasma lipids, although data in 
human subjects are stiU inconclusive In this study, an 
increase in consumed energjr from protein and a decrease in 
energy intake from carbohydrate in both males and females 
were observed with FG supplementation without a change 
in the total energy intake, body weight, BMI and waist circum- 
ference. No changes were observed in fibre intake, a nutrient 
known to affect satietjr and energ}' intake'^^^''. There is thus a 
possibility that the effect upon satiety and energy adjustment 
of dietary protein in liquid form may evoke weaker satiet}' sig- 
nals than in the solid form because of more rapid stomach 
emptying and transit of fluids through the digestive tract 

Wolfe & Piche^"^^^ and Wolfe & Giovannetti^'^^^ have 
reported that the replacement of dietary carbohydrate by 
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Fig. 1. Plasma TAG concentrations before (pre) and after (post) consuming n-3 PUFA and n-3 PUFA + fish gelatine (FG) (a) in males and (b) in females for 8 weeks. 
Values are means, with standard errors represented by vertical bars, n 7 for males, and n 8 for females. P value for sex-treatment interaction = 0 03. P value is 0 04 
between changes induced by the n-3 PUFA and n-3 PUFA + FG supplements in females (ANOVA for crossover design with two experimental periods). 



protein could lower plasma TAG, but in the present study, the 
reducing effect of this substitution on TAG was observed in 
females only. The present results thus indicate that the con- 
sumption of «-3 PUFA with or without FG reduced plasma 
TAG, and the magnitude of response depended on the treat- 
ment and on sex. Indeed in the present study, females had 
significandy lower plasma TAG following n-3 PUFA + FG 
(-23%) than n-3 PUFA (-8%) (P=0-04). By contrast, 
males had a more pronounced plasma TAG reduction follow- 
ing «-3 PUFA (-25 %) than n-3 PUFA + FG (-11 %), albeit 
without reaching the level of significance. The higher variabU- 
ity of TAG changes and the low number of subjects could 
explain the absence of significant differences between the 
two treatments in males. According to Hokanson & 
Austin'-''^''^ reductions in moderately elevated TAG levels 
decrease cardiovascular risk more in females than in males. 
Nevertheless, the marked TAG-lowering response either to 
n-3 PUFA in males or to n-3 PUFA + FG in females was in 
good agreement with the 20—50 "/o TAG reduction expected 
from American Heart Association nutritional recommen- 
dations''^^^ These results suggest that n-3 PUFA in males 
and n-3 PUFA + FG in females can be effective in helping 
to reduce plasma TAG. 

The TAG-lowering response to FG in females and not in 
males is consistent with the results of previous human studies 



showing a decreasing effect of lean white fish diet on TAG 
metabolism in pre-menopausal'-^^'' and post-menopausal 
females'-^'^'', but not in normolipidaemic males'-^*'. The 
observed TAG sex-dependent response in the present study 
could be associated with an increase of sex hormone-binding 
globulin following the consumption of fish protein in post- 
menopausal females'-^^'. Increased testosterone and decreased 
sex hormone-binding globulin have been linked to adverse car- 
diovascular risk factors, such as adiposity, increased TAG and 
decreased HDL levels in both pre-menopausal and post- 
menopausal females'^^''. Furthermore, lower sex hormone- 
binding globulin levels predict non-insuUn-dependent diabetes 
meUitus in females but not in males Additionally, a pre- 
vious study conducted in our laboratory' demonstrated that 
fish protein can reduce insulin resistance''^-'. Thus, the present 
results suggest that the divergent effects of FG supplemen- 
tation on plasma TAG between males and females may be 
mediated by variations in the status of plasma sex hormones, 
which are related to glucose tolerance and insulin sensitivity. 
Further studies on the mechanisms involved in the hypotria- 
cylglycerolaemic effects of FG in females are needed. 

FG per se could also have modulated plasma TAG levels 
in the present study. Our data are in Kne with those of 
Saito et afi^^ who reported a decrease in plasma TAG concen- 
trations in rats fed hydrolysates of skin coUagen. They 
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Fig. 2. Plasma highly sensitive C-reactive protein (hsCRP) concentrations before (pre) anct after (post) consuming n-3 PUFA and n-3 PUFA -i- fish gelatine (FG) (a) in 
males and (b) in females for 8 weeks. Values are means, with standard errors represented by vertical bars, n 7 for males, and n 6 for females. P value for sex-treat- 
ment interaction is 0 001 . P value is 0 03 between changes induced by the n-3 PUFA and n-3 PUFA + FG supplements in males (ANOVA for crossover design with 
two experimental periods). 



obsei-vred that TAG levels were inversely correlated with 
plasma total hydroxyproUne, total glycine and total proline 
concentrations, three major amino acids derived from low- 
molecular-weight collagen fish peptides'-^^-'. Hafidi et al!-'^^^ 
and Ratnayake et al}-'^''^ have also reported a decrease in 
TAG levels following a diet rich in glycine in rats fed a high- 
sucrose diet, suggesting that glycine could have contributed to 
the observed TAG-lowering effects following the consump- 
tion of the FG broth in this study. The lower lysine:arginine 
ratio of fish protein and gelatine compared with casein may 
also have been involved'-'*^''. Moreover based on studies on 
fish protein in rats'-^**'' and rabbits there is a possibility 
that FG per se may have contributed to decrease plasma 
TAG by increasing lipoprotein lipase activity. 

Apart from the primarjr endpoint, inflammatory and other 
CVD markers (hsCRP, TNF-ot, 11-6, adiponectin and others) 
were assessed. Our data showed a sex— treatment interaction 
for hsCRP (P= 0-001). In males, while «-3 PUFA increased 
plasma hsCRP concentrations by 13%, »-3 PUFA -I- FG 
reduced these levels by 40 %. This reduction was considered 
to be of biological significance because, on average, the 
CVD risk based on plasma C-reactive protein concentrations 
decreased from moderate to low risk in males'-'''^'. The 
C-reactive protein-lowering effect of FG in males is consistent 
with our previous observations showing that short-term 



consumption of cod protein compared with other animal pro- 
teins led to a decrease in hsCRP in insuUn-resistant subjects, 
mosdy males'-"'^ However, in the present study, the serum 
hsCRP concentration was increased in females by 20 % fol- 
lowing «-3 PUFA -I- FG and decreased by 6 % following «-3 
PUFA. 

There is, however, one limitation that needs to be addressed 
regarding the present study. This limitation concerns the 
absence of no intervention and FG treatments to clearly high- 
light the effects of FG. Although it has already been shown 
that fish protein and fish oil have independent and additive 
effects on plasma TAG in rats'-^^-' and thus that «-3 PUFA sup- 
plement can be used as the control group, firm conclusions in 
this respect cannot be drawn in the present human study. 
Therefore, in this study, the findings cannot be generalised 
beyond the comparison between the effects of marine «-3 
PUFA and tiiose of n-3 PUFA plus FG. 

In conclusion, our data showed that, in free-living con- 
ditions, FG supplementation and a concomitant decrease in 
carbohydrate intake enhanced the Upid-lowering effect of «-3 
PUFA supplementation in insuUn-resistant females, and bene- 
ficially counteracted the effect of «-3 PUFA on plasma 
C-reactive protein in insuUn-resistant males. These results 
suggest that FG may exert a beneficial effect on CVD risk 
by Upid-lowering and anti-inflammatory effects in free-Kving 
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insulin-resistant females and males, respectively. Further 
studies are needed to elucidate the physiological mechanisms 
underlying the divergent effects of «-3 PUFA and FG on 
TAG and hsCRP levels between males and females, and to 
identif}' specific bioactive peptides and amino acids that con- 
tribute to these effects. 
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